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METHOD OF INTERFEROMETRY WITH
MODULATED OPTICAL PATH-LENGTH
DIFFERENCE AND INTERFEROMETER

FIELD OF THE INVENTION

The present mnvention relates to interferometers, particu-

larly to method of interferometetry in which the optical
path-length difference 1s modulated and interferometers.

BACKGROUND OF THE INVENTION

Interferometers are useful for non-contact measurement
of small distance differentials such as the displacement or
amplitude of a small vibration.

Typically, a two-beam interferometer includes a light
source, typically a laser, that generates a coherent light
having a wavelength A. The light 1s split into two beams
passing through two different optical paths. One of the
beams 1s a probing beam which encounters and 1s reflected
by a sample in its path and 1its optical path-length 1s
dependent on the sample’s position. The other beam 1s a
reference beam which does not encounter the sample. The
two beams are directed to re-converge at the end of their
respective paths and the interference signal of the two beams
1s detected by a detector. The intensity of the interference
signal 1s dependent on the phase difference in the two beams,
and thus the optical path-length difference along the two
paths. This, 1n turn, depends on the position of the sample.
Thus, a change 1 the sample position causes a change 1n the
intensity of the interference signal. Conversely, changes 1n
the sample position can be extracted from the detected
interference signal.

More specifically, the lack or presence of intensity
changes can indicate whether the sample moves or vibrates
along the path. The displacement of the sample 1s propor-
tional to the changes 1n the amplitude of interference signal
intensity.

In theory, the intensity of the interference signal 1s at a
maximum or minimum when the path difference equals a
multiple of A/2 (0x=nA/2), where n is an integer. Changes in
the intensity of the interference signal are most sensitive to
changes 1n ox when the path difference equals an odd
multiple of A/4 (0x=(2n+1)A/4). Changes in intensity are
also approximately linearly proportional to small changes 1n
OX at or near a path difference of A/4. As such, 1t 1s desirable
to detect the interference signal at path difference near A/4.

Some conventional interferometers include a path-length
adjustor for adjusting the reference beam’s path-length to
keep 0x proximate A/4 during measurement. As the optical
path-length can be affected by environmental factors, such
as air flow 1n the beam path and temperature fluctuation,
such a path-length adjuster may include a closed loop servo
controlled actuator which moves a mirror in the reference
beam’s path based on intensity feedback from the detector.
Such feedback actuators have been used 1n some conven-
tional Michelson and Mach-Zehnder interferometers.

The actuated mirror can also be used to calibrate the
interferometers to determine the peak-to-peak intensity
change when the sample 1s not vibrating or moving.

However, these conventional interferometers suffer a few
drawbacks. For example, the closed loop servo feedback 1s
complicated and expensive. Further, such interferometers
require pre-calibration to determine the peak-to-peak inten-
sity change and the initial A/4 path difference. Moreover,
calibration cannot be performed when the sample 1s vibrat-
ing and may not be accurate since the laser light intensity
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may change after calibration due to changes 1n the laser
source or 1n the beam paths. These drawbacks limit the
usefulness of the conventional interferometers equipped
with an actuated mirror controlled by a feedback servo.

Therefore, an improved laser interferometer 1s needed to
overcome one or more of the shortcomings of the conven-
fional interferometers.

SUMMARY OF THE INVENTION

There 1s provided an interferometer having a modulator
for varying the optical path-length difference between the
reference beam and the probing beam periodically in addi-
fion to a perturbation 1n the optical path-length difference to
allow the interference signal be detected near a quarter-
wavelength path-length difference.

When the path-length difference varies periodically, the
maximuimn intensity change in response to a small vibration
can be periodically recorded at or near a path difference of
A/4. Since 1t 1s not necessary to keep the path difference A/4
at all times during measurement, a complex and expensive
closed loop feedback servo system 1s not necessary. Further,
if the path-length difference 1s varied periodically by A/2 or
more, the peak to peak intensity change of the interference
signal corresponding to a path difference of A/2 can also be
concurrently detected. Thus, pre-calibration of the peak-to-
peak interference intensity is not necessary.

Therefore, an aspect of the invention provides an inter-
ferometer comprising a source for generating a first beam
and a second beam of a coherent monochromatic light
having a wavelength A; optical elements for directing the
first and second beams through two different optical paths
having a path-length difference; a detector for detection of
an 1nterference signal of the first and second beams; and a
modulator for additionally varying the path-length differ-
ence periodically to allow the interference signal be detected
near a path-length difference of (2m+1)A/4 periodically, m
being an integer, so that a maximum intensity change 1n the
interference signal caused by a small change of the path-
length difference 1s detectable.

Another aspect of the invention provides a method of
operating an interferometer. The method includes (a) gen-
erating a beam of laser light having a wavelength A; (b)
splitting the beam of laser light 1nto a probing sub-beam and
a reference sub-beam; (c) directing the probing and refer-
ence sub-beams through different optical paths having an
optical path-length difference, the path of the probing beam
being perturbed causing a perturbation in the optical path-
length difference; (d) varying the optical path-length differ-
ence periodically in addition to the perturbation; and (e)
detecting an interference signal of the sub-beams.

A further aspect of the mvention provides a method of
measuring a displacement of an object vibrating at a first
frequency. The method includes (a) generating a beam of
laser light having a wavelength A; (b) splitting the beam of
laser light into a probing sub-beam and a reference sub-
beam; (c¢) directing the probing and reference sub-beams
through different optical paths having an optical path-length
difference, the probing beam being reflected from the vibrat-
ing object thus causing a perturbation of the optical path-
length difference; (d) varying the optical path-length differ-
ence by at least A/2 periodically in addition to the
perturbation at a second frequency smaller than the first
frequency; (e) detecting an interference signal of the sub-
beams; (f) determining from the interference signal a maxi-
mum intensity change in the interference signal caused by
the perturbation near a A/4 optical path-length difference and
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a maximum intensity change in the interference signal
caused by varying the optical path-length difference by A/2;
and (g) determining the maximum displacement of the
object based on the maximum intensity changes.

Yet another aspect of the invention provides an interfer-
ometer comprising source means for generation of a first
beam and a second beam of a laser light having a wavelength
A; optical means for directing the first and second beams
through two different optical paths having a path-length
difference; detecting means for detection of an interference
signal of the first and second beams; and modulation means
for varying the path-length difference periodically to allow
the interference signal be detected near a A/4 optical path-
length difference such that a maximum intensity change 1n
the 1nterference signal caused by a perturbation of the
path-length difference 1s detectable.

Other aspects and features of the present mmvention will
become apparent to those of ordinary skill in the art upon
review of the following description of speciiic embodiments
of the invention in conjunction with the accompanying
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

In the figures, which illustrate exemplary embodiments of
the 1nvention

FIG. 1 1s a schematic diagram 1llustrating a laser inter-
ferometer configured to measure vibrations of a vibrating
object;

FIG. 2 1s a line graph illustrating the dependence of
intensity of an interference signal on the optical path-length
difference; and

FIG. 3 1s a display of voltage signals converted from an
interference signal detected by the detector of FIG. 1.

DETAILED DESCRIPTION

FIG. 1 illustrates schematically an exemplary interferom-
cter 10 configured for non-contact measurement of a vibrat-
ing object 100.

Interferometer 10 includes a light source 12 for generating
a coherent beam 14 of light having a wavelength A. Light
source 12 1s typically a laser. Interferometer 10 may option-
ally include an optical aperture (not shown) located adjacent
to the exit of the light source 12 to prevent laser light from
being reflected back into the source 12.

A half-wavelength (A/2) plate 16 is placed in the path of
beam 14.

A first beam splitter 18 1s placed downstream of A/2 plate
16 and splits beam 14 into two sub-beams, a probing beam
travelling along a path 20 and a reference beam travelling
along a path 22. For example, first beam splitter 18 may
allow the vertically polarized component of the beam 14 to
pass through but detlect the horizontally polarized compo-
nent, which 1s assumed below for convenience of descrip-
tion. First beam splitter 18 may also split beam 14 1n other
suitable manners known to a person of skill in the art.

A second beam splitter 24 1s placed downstream of the
probing beam, followed by a quarter-wavelength (A/4) plate
26 and a focusing lens 28 for directing the probe beam onto
vibrating object 100. To the right of the second beam splitter
24 are a A/4 plate 30 and a fixed mirror 31. To the left of the
second beam splitter 24 are, 1n order, a half-silvered mirror
32, an expanding lens 34, and a photo detector 36.

A third beam splitter 38 1s placed downstream of refer-
ence beam 22 from the left side of the first beam splitter 18.

Above third beam splitter 38 1s a A/4 plate 40 followed by
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a movable reflector 42, such as a mirror. The reflector 42 can
be actuated by an actuator 44. Third beam splitter 38 1s also
aligned with the half-silvered mirror 32 below.

Photo detector 36 detects the combined light intensity of
probing and reference beams arriving at detector 36.

Now, actuator 44 can move reflector 42 periodically and
reciprocally along the optical path direction of the reference
beam over a distance at least A/4 long. This, 1n turn, varies
the optical path-length difference (0x) between the two paths
20 and 22 of the probing and reference beams by at least a
half laser wavelength (A/2) periodically. As will be under-
stood, since the reference beam 1s reflected back from
reflector 42, the corresponding change 1n optical path-length
doubles the distance the reflector moves. The actuator may
be driven by a motor operated under an alternative current
(AC) voltage having a triangular waveform, the advantages
of which will become clear below.

Detector 36 1s in communication with a signal analyser, or
signal processing unit 46 for processing the signal detected
at the detector 36. Signal processing unit 46 1s capable of
providing, based on a detected interference signal, an indi-
cation of its maximum intensity change proximate a A/4
path-length difference, and an indication of its maximum
intensity change when the path-length difference 1s varied by
/2. The signal processing unit includes a current amplifier
48 for converting a current signal received from the detector
to a voltage signal, a filter S0 for separating the voltage
signal into a high frequency component signal and a low
frequency component signal, and a display device 52 for
displaying the high and low frequency component signals.
Current amplifier 48 may be a pre-amplifier. Filter 50 may
be a high-pass filter, as shown. Alternatively, it may include
a low-pass filter or a notch filter. Display device 52 may be
a multi-channelled oscilloscope or a digital signal analyser.
Further, signal processing unit 46 may include a lock-in
amplifier (not shown) placed between filter 50 and display
device 52, the use and benefit of which will become clear
below.

In operation, source 12 generates laser light 14 having the
wavelength A, which 1s directed towards A/2 plate 16. After
passing through the half-wavelength plate 16, the ordinary
and extraordinary components of beam 14 will have a phase
difference corresponding to an odd number of half-wave-
length. In other words, the two components would be
diagonally polarized. The orientation of A/2 plate 16 can
affect the proportional intensities of the probing beam and
the reference beam detected at detector 36. Thus, this
orientation can be aligned to balance the intensities at the
detector, which may be necessary, for example, when the
intensity of the probing beam 1s reduced due to various
reasons such as poor reflection from the vibrating object
100.

Light 14 1s split into the probing and reference beams at
first beam splitter 18. The two beams are directed by various
optical elements through paths 20 and 22, respectively, to
detector 36.

The probing beam can imitially pass through the second
beam splitter 24 due to 1ts 1nitial vertical polarization and be
focused onto a reflective surface of the vibrating object 100.
The probing beam 1s then reflected back towards the second
beam splitter 24. Its polarization orientation is rotated by 45°
every time 1t passes through A/4 plate 26. After two passes
through the A/4 plate 26, the polarization orientation of the
probing beam becomes horizontal and 1s thus deflected by
the second beam splitter 24 toward mirror 31, through A/4
plate 30. The probing beam 1s then reflected back towards
detector 36 through A/4 plate 30, second beam splitter 24,
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the half-silvered mirror 32, and expanding lens 34. After
passing through the A/4 plate 30 twice, the polarization
orientation of the probing beam becomes vertical again and
1s thus able to pass through second beam splitter 24.

Thus, optical path 20 of the probing beam 1s from source
12 to A/2 plate 16, first beam splitter 18, second beam splitter
24, »/4 plate 26, focus lens 28, vibrating object 100, focus
lens 28, A/4 plate 26, second beam splitter 24, A/4 plate 30,
fixed mirror 31, A/4 plate 30, half-silvered mirror 32,
expanding lens 34, to detector 36.

The reference beam 1s 1nitially horizontally polarized and
1s deflected by second and third beam splitters 18 and 38
toward A/4 plate 40, and then reflector 42. It 1s then reflected
back passing again through A/4 plate 40. Because 1ts polar-
ization orientation is now rotated by 90 °, it passes through
third beam splitter 38 and 1s deflected by half-silvered mirror
32 toward detector 36 through expanding lens 34.

Thus, optical path 22 of the reference beam 1s from source
12 to A/2 plate 16, first beam splitter 18, third beam splitter
38, A/4 plate 40, retlector 42, A/4 plate 40, third beam splitter
38, half-silvered mirror 32, expanding lens 34, to detector
36.

The beams converge before reaching detector 36. At the
half-silvered mirror 32, the probing beam and the reference
beam are combined. The combined beams are magnified by
the expanding lens 34 and projected onto detector 36 and are
detected at the detector 36. As the two beams now have the
same polarization, they interfere with each other at detector

36.

The intensity of the interference signal at detector 36 1s
dependent on 0x, which can be expressed 1n the form:

I: yg(fmax+fmfn)+vz(fmax_ mm)CDS(QJ[E)X/}L) (1)

where I and I . are respectively the maximum and

minimum intensity. This dependency is 1llustrated 1n FIG. 2.

Absent a difference in length of paths 20 and 22 (i.c.
0x=0), the two beams will be in phase at detector 36. When
there 1s a path-length difference, the two beams may be out
of phase at detector 36. The change 1n the length of path 20
can cause a change in relative phase of the reference and
probing beams The detected combined light intensity at
detector 36 thus varies with the change 1n relative phase and
path-length difference. As will be appreciated, the length of
the path 20 1s alfected by movement of vibrating object 100.
The sensitivity of changes 1n intensity to changes 1n path-
length difference 1s greatest when the path-length difference
is a quarter wavelength (A/4).

Assuming the mitial path-length difference 1s A/4, when
the vibrating object 100 is displaced by a distance d (toward
source 12), the path-length difference is dx=%4A-2d. When
the displacement d 1s much smaller than A, the change in
interference intensity detected at detector 36 1s linearly
related to d, given by:

1 . (2)
z(fma}: + 1111]'11) + E(fma}; - IMH)Sln(q'ﬂd/A)

| |

2

(Imax + J'irmin) + _(Imax

= (Inax = Inin 471 /2

The change 1n optical path-length difference due to vibra-
tion of vibrating object 100 can be modulated by addition-
ally varying the optical path-length difference by at least A/2
periodically. The modulation can be accomplished by mov-
ing the reflector 42 periodically and reciprocally along the
optical path direction of the reference beam path 22 over a
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distance longer than A/4 at a frequency lower than the
vibrating frequency of the vibrating object 100. Reflector 42
may be actuated using an AC voltage signal, which can be
triangular-shaped.

As noted, and as can be appreciated from FIG. 2, the
intensity (I) is most sensitive to further changes in dx when
the path-length difference is A/4 or odd multiples thereof (i.e.
where dx=(2m+1)A/4, m being an integer). The signal inten-
sity peaks (1.e. either at a maximum or a minimum) when
0x=nA/2, n being an integer. When 0x 1s varied periodically
by at least A/2 in addition to the changes caused by the
vibration, the interference signal can be periodically
detected proximate a A/4 path-length difference and proxi-
mate its peaks. Further, a variation wider than A can be
advantageous 1n practice because the increased sampling
range. Thus, 1t may be advantageous to vary the opftical
path-length difference for about (n+1)A, where n is an
integer from 1 to 7.

For convenience, the mterference signal can be converted
into current signal by detector 36, and further transformed to
a voltage signal by current amplifier 48. The amplitude (d,)
of small periodical displacements of the vibrating object 100
1s related to the detected voltage signal by the approximate
€Xpression:

do=M21)"(V o/ Vo ) (3)
where V_ . 1s the voltage corresponding to the maximum
change 1n interference signal intensity due to changes 1n
path-length difference caused by the vibration displacement,
and V,_ 1s the peak-to-peak voltage corresponding to the
maximum 1ntensity change 1n the interference signal
(I,.-I..) caused by varying the path-length difference by
A1. Voltages V., and V,_, can be measured using known
devices or techniques, such as by using a dynamic signal
analyzer or a lock-in amplifier connected to the photo
detector 36.

For example, filter 50 may separate the voltage signal into
a high frequency component signal and a low frequency
component signal. Display device 52 may display the high
and low frequency component signals separately. When
reflector 42 oscillates at a frequency much slower than the
vibration frequency of vibrating object 100, the amplitude of
the low frequency signal represents V,,_, and the maximum
amplitude of the high frequency signal represents V_ .
These signals can be displayed concurrently on display
device 52 for visual comparison. Alternatively, the detected
signal may be analysed by a computer 1n manners known to
a person skilled 1n the art in order to determine the maximum

displacement of the vibrating object.

In an exemplary embodiment, reflector 42 1s actuated by
a triangular wave of a fixed frequency and an amplitude
adjusted to move the reflector 42 periodically and recipro-
cally over a distance equal to (n+1)A/4, where n is an integer.
The detected low frequency signal 1s a sinusoidal wave as
shown at the bottom of FIG. 3. This low frequency signal
can be used to extract V,_, which has a value equal to the
difference between the maximum and minimum voltages
shown. The detected high frequency signal 1s shown at the
top of FIG. 3, and was obtained by filtering the voltage
signal from the current amplifier by high-pass filtering. In
this case, the value of V_ _ 1s equal to the maximum
amplitude of the modulated signal, which can be readily read
out from the displayed 1mage.

As 1llustrated i FIG. 3, the low and high frequency
signals can be detected and displayed concurrently using an
oscilloscope or a dynamic signal analyzer. The amplitudes of
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the two signals can also be measured simultaneously, thus
the small displacement (d,) of the vibrating object can be
calculated according to equation (3).

Thus, 1t 1s not necessary to adjust the path-length of the
reference beam based on feedback so as to keep 0x at A/4 at
all times during measurement. It 1s also not necessary to
pre-calibrate the maximum signal intensity. As will now be
appreciated, environmental disturbances only affect the
position at which the maximum amplitude occurs but do not
alfect the amplitude value. Thus, the maximum amplitude 1s
immune from environmental drifts, and therefore, a stable
measurement of V_ . can be obtained.

Further, test results show that if the vibrational 1s sinu-
soidal, which 1s normally the case when the vibration 1is
small, lock-1n technique can be used to turther improve the
resolution of measurement, for example to as low as 107> A.
To detect the signal using a lock-1n amplifier, the AC power
source for actuating reflector 42 may provide the reference
frequency for lock-in. The time constant of the lock-in
amplifier may be much shorter than the cycle time of the
reflector 42. In such a case, a sinusoidal voltage output with
an amplitude equal to the rms value of V_ . can be obtained
from the lock-in amplifier.

Thus, mterferometer 10 can be conveniently used for
measurement of small displacements of a vibrating object.

As can now be understood, interferometer 10 may be
modified while including (1) a source (such as source 12) for
generating a probing beam and a reference beam of a
coherent and monochromatic light having a wavelength A;
(i1) optical elements (such as elements 16, 18, 24-34, and
38—42) for directing the beams through two different optical
paths having a path-length difference; (ii1) a detector (such
as detector 36) for detection of an interference signal of the
two beams; and (iv) a modulator (such as actuator 44) for
additionally varying the path-length difference periodically
to allow the interference signal be detected near a path-
length difference of (2m+1)A/4 so that a maximum intensity
change 1n the interference signal caused by a small change
or perturbation of the path-length difference 1s detectable.
The perturbation can be due to the vibration of a vibrating
object that reflects the probing beam 1n 1ts path.

As can be understood, 1n certain situations modulating the
path-length difference by less than A/2 can still allow peri-
odic detection of the iterference signal near a A/4 path-
length difference. For example, when the path-length drift or
fluctuation due to environmental factors 1s small, 1t may be
possible to pre-calibrate the interferometer to locate an
initial A/4 path-length difference and modulate the path-
length difference around the pre-calibrated A/4 path-length
difference. In such a case, 1t may not be necessary to
modulate the path-length difference by more than A/2. The
minimum modulation that 1s required 1n a particular appli-
cation can be readily determined by one of skill in the art
depending on the particular situation. For mstance, a user
may conduct test measurements to determine the minimum
or suitable modulation. Alternatively, a user may simply
increase the amount of modulation until an interference
signal can be satisfactorily detected near a A/4 path-length
difference.

The modulator can be constructed or configured 1n any
suitable form for periodically altering the optical path-length
of a laser beam. As can be appreciated, in a different
embodiment it 1s possible to place an actuated reflector in the
path of the probing beam for varying ox. Further, 1t 1s also
possible to alter both optical paths 1n order to vary ox.

The two paths can be arranged i1n different manners
suitable for non-contact measurement of a small change 1n
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the path-length difference. For example, the typical arrange-
ments 1n conventional Mach-Zehnder interferometers,
Michelson interferometers, double-beam interferometers, or
Laser Doppler Vibrometers may be used.

As can be appreciated, calibration of the interferometer 10
1s not necessary, or 1t can be performed concurrently with the
measurement of small vibrations. As such, intensity drifts of
the light source/laser or fluctuation of optical path-length
due to environmental factors would not negatively affect the
accuracy of the measurement. Further, as can be appreciated
by those skilled in the art, the probing beam can be scanned
over the surface of the vibrating object without negatively
affect the accuracy of the measurement. Thus, an areal/linear
scanning measurement or scanning interferometer can be
implemented 1n accordance with embodiments of the inven-
tion, wherein the measurement accuracy can be maintained
at a high level even when the reflectivity of the vibrating
object surface 1s not uniform.

Further, the interference signal can be detected proximate
a path-length difference of A/4 without a closed loop servo
system to maintain the path-length difference of A/4. Thus,
such a servo system 1s not required for the interferometer 10.

Other features, benefits and advantages of the present
invention not expressly mentioned above can be understood
from this description and the drawings by those skilled 1n the
art.

Although only a few exemplary embodiments of this
imvention have been described above, those skilled 1n the art
will readily appreciate that many modifications are possible
therein without materially departing from the invention. The
invention, rather, 1s intended to encompass all such modi-
fication within its scope, as defined by the claims.

What 1s claimed 1s:

1. An mterferometer comprising;

a source for generating a first beam and a second beam of
a coherent monochromatic light having a wavelength A;

optical elements for directing said first and second beams
through two different optical paths having a path-length
difference;

a modulator for additionally varying said path-length
difference periodically to allow an interference signal
of said first and second beams to be detected near a
path-length difference of (2Zm+1)A/4 periodically, m
being an integer, so that a maximum 1ntensity change in
said interference signal caused by a small change of
said path-length difference i1s detectable; and

a detector for detection of said interference signal includ-
ing an 1ndicator of optical interference near a path-

length difference of (Zm+1)A/4.

2. The iterferometer of claim 1, wherein said modulator
1s operable to vary said path-length difference by about
(n+1)A periodically, n being an integer.

3. The interferometer of claim 2, wherein n 1s from 1 to

7.

4. The mterferometer of claim 1, wherein said optical
clements comprise a movable reflector for reflecting one of
said first and second beams 1n its corresponding optical path,
and wherein said modulator comprises an actuator for mov-
ing said reflector periodically over a distance at least A/4
long.

S. The iterferometer of claim 4, wherein said actuator 1s
controlled by a motor operated under an alternative current
voltage having a triangular waveform.

6. The interferometer of claim 1, wherein said detector 1s
a photo-detector.
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7. The interferometer of claim 1, further comprising a
signal processing unit 1n communication with said detector
for processing said interference signal detected by said
detector.

8. The interferometer of claim 7, wherein said signal
processing unit comprises a signal analyzer capable of
providing, based on said interference signal, an indication of
said maximum intensity change caused by said small change
of said path-length difference near a path-length difference
of (2m+1)A/4, and an indication of a maximum intensity
change of said interference signal caused by varying said
path-length difference by A/2.

9. The interferometer of claim 8, wherein said signal
processing unit further comprises a current amplifier for
converting a current signal received from said detector to a
voltage signal, a filter for separating said voltage signal 1nto
a high frequency component signal and a low frequency
component signal, and a display device for displaying said
high and low frequency component signals.

10. A method of operating an interferometer, said method
comprising:

generating a beam of laser light having a wavelength A;

splitting said beam of laser light into a probing sub-beam

and a reference sub-beam;
directing said probing and reference sub-beams through
different optical paths having an optical path-length
difference, the path of said probing beam being per-
turbed causing a perturbation 1n said optical path-length
difference;
varying said optical path-length difference periodically 1n
addition to said perturbation to cause an optical path
length difference periodically passing through (2m+1)
A4, m being an integer; and

detecting an mnterference signal of said sub-beams 1nclud-
ing an indicator of optical interference near a (2m+1)
A4 optical path-length difference.

11. The method of claim 10, further comprising deter-
mining from said interference signal a maximum intensity
change 1n said interference signal caused by said perturba-
tion near a (2m+1)3/4 optical path-length difference, m
being an 1nteger.

12. The method of claim 11, further comprising deter-
mining from said interference signal a maximum intensity
change 1n said interference signal caused by varymg said
path-length difference by at least A/2.

13. The method of claim 11, wherein said perturbation 1s
caused by a vibrating object that reflects said probing
sub-beam 1n 1ts path.

14. The method of claim 13, wherein said varying com-
prises varying said optical path-length difference periodi-
cally at a frequency smaller than the vibrating frequency of
said vibrating object.
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15. The method of claim 14, wherein said varying com-
prises varying said path-length difference by about (n+1)A
periodically, n being an integer.

16. The method of claim 15, wherein n 1s from 1 to 7.

17. The method of claam 11, wheremn said directing
comprises reflecting one of said first and second beams 1n its
corresponding optical path with a reflector, and wherein said
varying comprises moving said reflector periodically over a
distance at least A/4 long.

18. The method of claim 17, wherein said moving com-
prises actuating said reflector with an actuator driven by a
motor operated under an alternative current voltage having
a triangular waveform.

19. A method of measuring a displacement of an object
vibrating at a first frequency, said method comprising:

generating a beam of laser light having a wavelength A;

splitting said beam of laser light mnto a probing sub-beam

and a reference sub-beam;

directing said probing and reference sub-beams through

different optical paths having an optical path-length
difference, said probing beam being retflected from said
vibrating object thus causing a perturbation of said
optical path-length difference;

varying said optical path-length difference by at least A/2

periodically 1n addition to said perturbation at a second
frequency smaller than said first frequency;

detecting an interference signal of said sub-beams;

determining from said interference signal a maximum
intensity change in said interference signal caused by
said perturbation near a A/4 optical path-length ditfer-
ence and a maximum 1ntensity change in said interfer-
ence signal caused by varying said optical path-length
difference by A/2; and

determining the maximum displacement of said object
based on said maximum intensity changes.

20. An mterferometer comprising;:

source means for generation of a first beam and a second
beam of a laser light having a wavelength A;

optical means for directing said first and second beams
through two different optical paths having a path-length
difference;

detecting means for detection of an interference signal of
said first and second beams; and

modulation means for varying said path-length difference
periodically to allow detection of said interference
signal caused by said perturbation near a A/4 optical
path-length difference and a maximum intensity change
in said interference signal caused by varying said
optical path-length difference by A/2.
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